Health of Agricultural Workers in India: Sreeparna CHAKRABORTY, et al. Department of Experimental Hematology, Chittaranjan National Cancer Institute, India-Objective: The impact of long term exposure to cholinesterase (ChE)-inhibiting organophosphate (OP) and carbamate (C) pesticides on the respiratory health of agricultural workers in India was investigated. Methods: Three hundred and seventy-six nonsmoking agricultural workers (median age 41 yr) from eastern India who sprayed OP and C pesticides in the field and 348 age-and sex-matched control subjects with non-agricultural occupations from the same locality were enrolled. Prevalence of respiratory symptoms was obtained by questionnaire survey, and pulmonary function tests were carried out by spirometry. Chronic obstructive pulmonary disease (COPD) was diagnosed by the Global Obstructive Lung Disease (GOLD) criteria, and erythrocyte acetylcholinesterase (AChE) was measured by the Ellman method. Results: Agricultural workers had greater prevalences of upper and lower respiratory symptoms, and appreciable reduction in spirometric measurements. Overall, lung function reduction was noted in 48.9% of agricultural workers compared with 22.7% of control, and a restrictive type of deficit was predominant. COPD was diagnosed in 10.9% of agricultural workers compared with 3.4% of controls (p<0.05 in χ 2 test), and the severity of the disease was greater in agricultural workers. Red blood cell (RBC) AChE was lowered by 34.2% in agricultural workers, and the fall in AChE level was positively associated with respiratory symptoms, lung function decrement and COPD after controlling for education and income as potential confounders. Conclusions: Long-term exposure to cholinesteraseinhibiting agricultural pesticides currently in use in India is associated with a reduction in lung function, COPD and a rise in respiratory symptoms. (J Occup Health 2009; 51: 488-497) 
Organophosphate (OP) and carbamate (C) pesticides are widely used in India for agricultural pest control. The mechanism of action of these pesticides involves inhibition of the enzyme, cholinesterase (AChE), which results in accumulation of the neurotransmitter acetylcholine (ACh) in the nervous system. Besides the nervous system, AChE inhibition can impair the functions of peripheral organs including the airways and the lungs. Laboratory animals exposed to AChE-inhibiting pesticides showed degenerative changes in diaphragmatic muscle fibers, atrophy of the skeletal muscle 1) , and airway hyperreactivity 2) . Exposure to OP and C pesticides like carbaryl or methyl parathion also led to bronchial allergy 3) and acute airway toxicity 4) in rats and guinea pigs under experimental conditions. Moreover, chronic exposure to c h l o r p y r i f o s , a n O P p e s t i c i d e , i n d u c e d bronchoconstriction in guinea pig lungs and the action was mediated by the vagus nerve 2) . Overall, exposure to ChE-inhibiting pesticides is thought to be related to the initiation of respiratory symptoms such as dyspnea, dry cough, cough with expectoration and chronic bronchitis 5) along with chest pain, wheezing, difficulty in breathing, runny nose and throat irritation 6) . Supporting this, exposure to OP pesticide in a chemical manufacturing plant was shown to be associated with chronic bronchitis, impairment of respiratory muscles and mild lung hyperinflation in the workers 7) . Likewise, a greater risk of developing asthmatic symptoms and low respiratory volumes has been reported in farmers chronically exposed to pesticides 8) . Currently, India is the largest producer of pesticides in Asia and the third largest consumer of pesticides in the world 9) . A vast majority of the one billion-plus population in India is engaged in agriculture as cultivators, farm owners and laborers. Pesticide consumption has been increasing steadily in the past few years and there has been a distinct shift from organochlorine (OC) to OP and C pesticides 10) . However, a number of OC pesticides which have been banned by the government for their toxicity are still in use in the country. People are directly exposed to these pesticides through dermal contact and inhalation and indirectly through the food chain. Although several million people are exposed, the health impact of chronic pesticide exposure in the country is largely unknown. Since the lung is the primary target organ of all inhaled toxicants, it is reasonable to assume that the function of this organ would be affected following pesticide exposure via inhalation 11) . In view of this, respiratory symptoms along with functional lung activity were assessed in this study to get an estimate of the impact of chronic exposures to ChE-inhibiting agricultural pesticides on the respiratory health of agricultural workers in West Bengal, a state in eastern India with intensive farming activity.
Materials and Methods

Subjects
A total of 724 nonsmoking male individuals living in the rural areas of Burdwan, Hooghly and Nadia districts of West Bengal participated in this study. The participants were recruited through health check-up camps organized with the help of local people, members of village administrations and non-governmental organizations. The areas were selected because of their prominence in agriculture.
Pesticide-exposed group
Three hundred seventy-six agricultural workers chronically exposed to cholinesterase (ChE)-inhibiting OP and C pesticides used in the fields for crop protection were considered the 'pesticide-exposed group'. They were all landless laborers who worked on a daily wage basis (average rupees 75 per day; 1 US $=52 rupees, approx.) and their work included spraying of pesticides in the field. The workers were subdivided into 'regular' and 'occasional' sprayers on the basis of the self-reported frequency and duration of spraying. Any worker who had sprayed for at least an hour a day, 5 days a month for the past 5 yr or more was considered regular sprayer and the rest were considered occasional sprayers. Out of the 376 agricultural workers, 153 (40.7%) were regular sprayers and 223 (59.3%) were occasional sprayers.
Control group
The control group consisted of 348 age-and sex-matched individuals not engaged in agriculture from the same villages where the agricultural workers resided. They were engaged in handloom weaving, carpentry and fishing.
Inclusion and exclusion criteria
Inclusion criteria were: i) apparently healthy subjects, ii) non-smoker and non-chewer of tobacco, and iii) engaged in agricultural work as a livelihood for the past 5 yr or more. Exclusion criteria were: i) history of malignancy and cardiovascular disease, ii) under medication, and iii) extreme body mass index (less than 15 kg/m 2 or above 40 kg/m 2 ). The Ethics Committee of Chittaranjan National Cancer Institute, Kolkata, India approved the study protocol.
Questionnaire survey for the prevalence of respiratory symptoms
The prevalence of respiratory symptoms was obtained through a questionnaire survey using a structured respiratory questionnaire based on the respiratory questionnaire of the British Medical Research Council 12) and the American Thoracic Society (ATS) National Heart and Lung Institute (NHLI) Division of Lung Diseases (DLD) questionnaire [ATS-DLD-78-C] 13) . The questions were formulated to elicit maximum information about respiratory symptoms and general health covering the last 12-mo period of the subject's life. The 2-page questionnaires were prepared in the local language (Bengali). As most of the participants were poorly educated, the researchers entered their responses in questionnaire forms on their behalf. Information sought through respiratory questionnaire were i) prevalence of upper respiratory symptoms such as sinusitis, rhinitis (runny or stuffy nose), sore throat, common cold and fever in the past three months and preceding one year; and ii) prevalence of lower respiratory symptoms such as dry or wet cough, wheeze, heaviness in the chest or pain, disturbed sleep due to breathing difficulties. Dyspnea was assessed following the modified, 6-point Medical Research Council (MRC) dyspnea scale that consists of six questions about perceived breathlessness 14) . The degree of dyspnea was classified into six categories: category 0, no dyspnea; category 1, slight dyspnea (shortness of breath when hurrying on the level or walking up a slight hill); category 2, moderate dyspnea (walks slower than people of the same age on the level because of breathlessness); category 3, moderately severe dyspnea (has to stop because of breathlessness when walking at own pace on the level); category 4, severe dyspnea (stops for breath after walking about 100 yards or after a few minutes on the level); category 5, very severe degree of dyspnea (too breathless to leave house or breathless when dressing or undressing). Chronic bronchitis was diagnosed on the basis of symptoms i.e. presence of cough and expectorations on most of the days for at least 3 months in a year for two consecutive years or more.
Measurement of lung function
Pulmonary function tests (PFT) of the participants were done by an electronic spirometer (Spirovit SP-1, Switzerland) following the protocol of the American Thoracic Society 15) (1995). The individuals were placed in a sitting position with their noses closed by nose clips. The procedure was repeated thrice and the best maneuver was accepted. The instrument was calibrated using a 2-l syringe at the start of the day and after every 50 measurements. The data were then compared with predictive values based on age, sex, height and ethnic group and the following spirometric parameters were recorded for analysis: forced vital capacity (FVC), i.e. the volume of air in liters that could be maximally forcefully exhaled; forced expiratory volume at 1 s (FEV 1 ), i.e. volume of air (in liters) that was forcefully exhaled in one second; the ratio of FEV 1 to FVC (FEV 1 / FVC), expressed as a percentage; forced expiratory flow at 25-75% (FEF 25-75% ) which is the average expiration flow rate during the middle 50% of the FVC; and the peak expiratory flow rate (PEFR)-the peak flow rate during expiration.
Miller's prediction quadrant 16) was used to classify the type of lung function deficits into three categories: i. Restrictive type : FVC less than 80% of predicted value (pred) and FEV 1 /FVC more than 70% of predicted value; ii. Obstructive type: FVC>80% pred and FEV 1 /FVC <70% pred; and iii. Combined type : FVC<80% pred and FEV 1 /FVC <70% pred. The severity of lung function decrement was graded following the criteria of Conrad (1983) 17) (Table1).
Diagnosis of chronic obstructive pulmonary disease (COPD)
Diagnosis of COPD was based on spirometric measurements following the criteria of the Global Initiative for Chronic Obstructive Lung Diseases [GOLD] 18) .
Spectrophotometric measurement of AChE activity
Blood was collected after receiving informed consent by venipuncture using a 21-gauge needle fitted to a 5-ml sterile, disposable polypropylene syringe and transferred immediately into sterile K 2 EDTA vacutainers (Becton Dickinson [BD], USA). Acetylcholinesterase (AChE) activity in RBCs was determined following the procedure of Ellman et al. 19) . Briefly, RBCs were isolated from 1.0 ml venous blood by centrifugation at 5,000 rpm for 3 min at 4°C and washed twice in 0.9% saline. For obtaining the hemolysate, the cell suspension was diluted 600 times with dilution buffer containing 0.2 M disodium hydrogen phosphate (Na 2 HPO 4 .2H 2 O), 0.2 M sodium dihydrogen phosphate (NaH 2 PO 4 . H 2 O) and 0.03% Triton-X; then it was mixed thoroughly and incubated for 10 min. Hydrolysis rates were measured as acetylthiocholine iodide (Sigma, USA) concentration (28.4 mM) in 2-ml assay solutions with 0.1 M phosphate buffer, pH 7.5, and 10 mM 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) at 30°C. One thousand microliters of hemolysate was added to the reaction mixture. The hydrolysis was monitored by the formation of the thiolate dianion of DTNB at 412 nm for 180 s (intervals of 60 s) using a spectrophotometer (Shimadzu, Japan). Each sample was tested in triplicate and AChE activity was measured as micromoles of substrate hydrolyzed per minute per liter at 30°C.
Statistical evaluation of data
Results are expressed as mean ± SD (Standard deviation). The statistical significance between the pesticide-exposed and control groups were determined using Student's t-test, the Mann-Whitney U test and Fisher's χ 2 test. Correlation coefficients between the lung function measurements and pesticide exposure parameters were carried out using Spearman's correlation test. Associations between the use of ChE-inhibiting pesticides, respiratory symptoms prevalence and lung function parameters in agricultural workers along with adjustment for possible confounders were determined by binary logistic regression, using observed respiratory parameters as the dichotomous dependent variable and control individuals as the reference. All results were computed and analyzed using the SPSS statistical software package 10.0 (SPSS, Chicago, IL). p<0.05 was considered significant. 
Results
Demographic characteristics
The demographic characteristics of the pesticideexposed agricultural workers and controls are summarized in Table 2 . It is evident that the two groups were well matched with respect to age, body mass index, food habit and working hours. But they differed in education and income which were significantly lower (p<0.05) among agricultural workers. The principal mode of transport in the study areas was bicycles and cycle rickshaws as motor vehicles are scarce and industrial emissions are negligible since there are no air-polluting industries within 5 km radius. Moreover, the agricultural workers and control subjects were from the same villages. Hence, outdoor exposures to air pollution in control and agricultural workers seemed comparable. Since more than 90% of agricultural workers and control subjects were dependent on traditional biomass such as cow dung, wood and crop residues as fuel for daily domestic cooking, and none used mosquito repellants, indoor air pollution from biomass burning was also comparable between these two groups.
Working conditions
Intensive cultivation round the year of high-yielding varieties of commercially important crops such as paddy (2-3 times a year), wheat and vegetables is practiced in the study areas. Vegetables require more frequent and prolonged spraying than paddy or wheat. Pesticides, mainly OP and C, are applied in the field by manual pumping using a traditional pump consisting of a backpack tank and a spray rod. During spraying the workers do not use protective gear such as gloves, headgears, nose or mouth covers, gum boots, overalls etc. On average, workers sprayed pesticides in the field for 1.0-2.5 h per day. No safe re-entry time period is maintained in recently sprayed fields. Lifetime exposure (exposure-years) to pesticides among the workers enrolled in this study was 14 (median) with a range of 5-21 exposure-years. ChE-inhibiting pesticides, considered as hazardous for human health by the World Health Organization (WHO), were found to be extensively used in the study areas during the course of this study (Table  3) .
Cholinesterase inhibition
Compared with age-and sex-matched control subjects, agricultural workers displayed marked depression of AChE enzyme activity in erythrocytes. Their RBC AChE concentration declined from a control level of 4,604 ± 690 (SD) U/l to 3,028 ± 728 U/l, showing a reduction of 34.2% (p<0.001, Student's t-test, Fig. 1a) . Among the agricultural workers, the reduction in the AChE level was more pronounced in subjects who sprayed agricultural pesticides in the field regularly than in workers who were occasional sprayers. Regular sprayers had a mean RBC AChE value of 2,436.6 U/l showing a 47% decline from the control level, whereas occasional sprayers had a mean of 3,435.2 U/l that was 25% less than the control value (Fig. 1b) . The difference in the RBC AChE level between regular and occasional sprayers was highly significant according to Student's t-test (p<0.001).
Respiratory symptoms: more in agricultural workers
Upper and lower respiratory symptoms were more prevalent among agricultural workers than controls ( Table  4 ). The prevalence of runny or stuffy nose and sinusitis was increased by nearly 4-fold, dry cough by 3-fold, sputum-producing cough, wheeze and chest discomfort by 2-fold, and breathlessness on exertion and dyspnea (MRC score >0) by 2.5-fold. Besides the higher prevalence of respiratory symptoms, dyspnea was more severe among the agricultural workers (Table 4) . Chronic bronchitis (19.1% vs. 6%) and physician-diagnosed asthma (2.0 vs. 3.7%) were also more prevalent among agricultural workers than among their neighbors who were not engaged in agricultural practices. Comparison of the prevalence of respiratory symptoms between regular and occasional sprayers revealed greater prevalence of sore throat, common cold and fever, MRC category 3 dyspnea and chronic bronchitis among regular sprayers (p<0.05 in χ 2 test), while the differences in the prevalence of other respiratory symptoms were marginal (p>0.05; Table 4 ).
Association between AChE inhibition and respiratory symptoms
In order to investigate whether higher prevalence of respiratory symptoms in agricultural workers was a fallout of AChE inhibition, conditional logistic regression analysis was done taking the prevalence of symptoms of workers with less than 50% reduction in AChE as the reference (Odds ratio [OR] =1) and comparing it with that of workers with ≥50% AChE inhibition. All the respiratory symptoms showed positive association with 
Reduction in lung function: more prevalent among agricultural workers
Spirometric lung function data are presented in Table  6 . Compared with age-matched nonsmoking controls, agricultural workers had 350 ml (13.6%) less mean FVC, 420 ml (15.6%) less mean FEV 1 , 5% decline in FEV 1 / FVC ratio, 20% decline in mid-expiratory flow rate (FEF 25%-75% ) and 25% reduction in PEFR. After controlling for education and income as potential confounders, AChE inhibition was positively associated with decline in FVC (OR=1.37, 95% CI: 1.11-1.72), FEV 1 (OR=1.45, 95% CI:1.13-1.75), FEF 25%-75% (OR=1.53, 95% CI: 1.19-2.23) and PEFR (OR=1.64, 95% CI: 1.27-2.38).
Overall, lung function was reduced in 184 (48.9%) of agricultural workers compared with 79 (22.7%) of control subjects (p<0.001 in χ 2 test). Among the agricultural workers, prevalence of lung function deficits was much greater in regular sprayers than in occasional sprayers (57.5% vs. 43.0%, p<0.005).
The type of lung function deficit was restrictive (FVC<80% predicted) in 28.7% of agricultural workers compared with 15.2% of controls (p<0.001). Obstructive type of lung function deficit (FEV 1 /FVC<70% predicted), on the other hand, was found in 17.0% of agricultural workers compared with 6.6% of controls (p<0.001). The combined type of lung function deficit (both restrictive and obstructive types) was present in 3.2% of agricultural workers and 0.9% of control subjects (p=0.001).
Exposure years, AChE inhibition and lung function
Spearman analysis showed a strong negative correlation between pesticide exposure-years and erythrocyte AChE level (rho=-0.526; p<0.0001). Spearman correlation also revealed a significant association between increasing pesticide exposure-years, decreasing AChE activity and reduction in lung function measurements among agricultural workers (Table 7) . Values are mean ± SD. *: p<0.0001 compared with control by Students t-test; **: p=0.027 compared with occasional sprayer, differences in other parameters between occasional and regular sprayers are statistically not significant (p>0.05). The association between pesticide exposure years and AChE levels among agricultural workers were assessed by Spearman correlation analysis and showed a strong negative correlation (rho=-0.526; p<0.0001).
Prevalence of COPD
COPD was diagnosed in 18.1% of agricultural workers compared with 6.9% of control subjects (p<0.001 in χ 2 test). Besides, the severity of the disease was greater in agricultural workers. The mild form of the disease (GOLD stage I) was diagnosed in 9.0% of workers compared with 4.0% of control subjects (p<0.006), moderate COPD (stage IIA) was found in 5.0% of workers vs. 2.3% of control (p=0.051), severe COPD (stage IIB) was detected among 2.9% of workers vs. 0.5% of control subjects (p<0.001) and stage III (very severe) COPD was detected in 2 (0.5%) workers but not in controls. The greater prevalence of COPD among agricultural workers appeared to be linked to pesticide exposure, because a positive association was found between RBC AChE inhibition and COPD prevalence after controlling for education and income as potential confounders (OR=1.59, 95% CI: 1.32-2.28). Moreover, 21.6% of regular sprayers with higher AChE inhibition had COPD compared with 14.8% of occasional sprayers with milder AChE inhibition. The difference in COPD prevalence between these two groups of agricultural workers, however, was not statistically significant (p=0.09 in χ 2 test).
Discussion
Acute poisoning of OP pesticides is a major global concern, with thousands of deaths occurring every year. Most of the poisoning cases occur in developing countries 20) , including India 21) , where 15,500 cases of acute pesticide poisoning and 7,500 cases of pesticiderelated deaths were recorded during 1996-99 22) . In contrast to acute poisoning, little is known about the effects of chronic, low dose pesticide exposure on human health. This is rather surprising because pesticides are extensively used in India and about 70% of the country's population is dependent on agriculture for a livelihood. In view of this, the present study was undertaken and our results reveal that agricultural workers, who work in the field and spray pesticides either regularly or occasionally, are at a considerable risk of developing lung function deficits and potentially life-threatening COPD. Similar to the results of the present study, chronic expectorating cough, runny nose, chest pain, dyspnea, asthma and respiratory allergy have been reported in Indonesian and Spanish farmers who sprayed OP and C pesticides in the fields 23, 24) . Farmers usually face an increased risk of chronic bronchitis after the age of 19 yr, and pesticide use was found responsible for the problem 25) . Pesticide exposure is also recognized as a risk factor for asthma, especially atopic asthma 26) . Besides pesticides, the workers examined in this study handle grain and hay that also trigger respiratory symptoms including those of rhinitis 27) and chronic bronchitis 28) . However, OP and C exposure appeared to be largely responsible for respiratory health impairment, because we found a strong positive association between ChE inhibition and respiratory problems, and subjects with more than 50% reduction in RBC AChE had the highest prevalence of respiratory symptoms. In agreement with this, pesticide processing plant workers in Croatia, who were not exposed to farm products, had a high prevalence of respiratory symptoms and lung function deficits 29) . Almost half of the agricultural workers who participated in this study had reduced lung function as detected by spirometry measurements which are considered to be reliable indices of airflow limitations 30) . The participants were all nonsmokers; hence the change was not related to smoking habit. Instead, it was correlated with ChE suppression, suggesting an intimate relationship between pesticide exposure and lung function decrement of a predominantly restrictive type. In agreement with the present finding, restrictive type lung function deficit has been recorded in Sri Lankan farmers exposed to OP pesticides 8) . The precise mechanism by which ChE-inhibiting pesticides can affect the respiratory system is currently unknown. It is possible that the effects are mediated via changes in the central nervous system. Alternatively, the direct effects of the pesticides on the alveolar-capillary membrane via peripheral muscarinic receptors in the airways and nicotinic receptors in respiratory muscles can also be envisaged. Studies in laboratory animals have demonstrated epithelial hyperplasia, thickening of the alveolar capillary membrane, degeneration of alveoli 7, 31, 32) and neuromuscular changes in respiratory muscles 33) leading to impairment of lung function following exposure to OP aerosols.
The control subjects of this study also showed high incidence of lung function deficits. Indoor air pollution from biomass burning during daily household cooking could be responsible in part for this. Although scientific information regarding environmental exposure of pesticides in West Bengal, the part of India where the work was carried out, is not available, pesticide residues are present in considerable amounts in foodstuffs in India. Pesticide residues have been detected in a variety of fruits, winter vegetables and milk in northern India 9, 34) and 31% of the samples contained pesticides above the tolerance limit 35) . Moreover, about 80% of samples used tube well water for drinking purpose were found to contain pesticide residues above the regulatory limits 36) . Thus, in addition to indoor air pollution, environmental exposure to pesticides could have played a role in mediating lung function reduction in control subjects.
As the agricultural workers in this study did not use any protective measures while spraying, a dermal route of exposure as well as pesticide inhalation was a distinct possibility. Therefore, lung function reduction associated with pesticide exposure could be due to dermal absorption or inhalation of pesticide, or both. The relative contribution of each route to the overall effect cannot be ascertained. However, absorption is rapid when exposure occurs via inhalation 37) and OP compounds reach systemic circulation bypassing the liver, where they are metabolized 8) . For exposure assessment, we measured AChE activity. Although low-level exposure to OP and C may not elicit enzyme inhibition, determination of AChE activity is recognized as a valuable tool for detecting exposure to these pesticides. Moreover, synaptic and erythrocyte AChE is functionally similar; hence changes in erythrocyte AChE activity reflects the situation in target tissues in the peripheral compartment such as the neuromuscular junction 38) . In conclusion, the present study has shown for the first time that occupational exposures to cholinesteraseinhibiting pesticides currently being used in India for agricultural pest control impair the respiratory health of agricultural workers who work in the field. The impairments cover a wide range of respiratory symptoms and lung function decrement that are usually reversible to COPD which is progressive and potentially lifethreatening. The affected persons are poor people who either do not have access to modern medical treatments or simply cannot afford it. This situation calls for greater emphasis on preventive measures such as the use of protective equipment to lessen exposure. Biomonitoring of pesticide exposure using AChE inhibition as a marker is also important. Similarly, assessment of health vis-à-vis pesticide exposure will help identify people at greater risk so that medical intervention can be initiated at the formative stage of a disease.
